Freshly distilled THF (50 mL, 0.2 M) was added under argon. Allyl acetate (3.30 mL, 30 mmol, 300 mol %), tiglic aldehyde (1) (0.97 mL, 10.0 mmol, 100 mol %), and iPrOH (1.53 mL, 20.0 mmol, 200 mol %) were added sequentially via syringe. The rubber septum was quickly replaced with a PTFE screw-cap 3, 135.1, 120.9, 117.7, 76.7, 40.0, 13.2, 11.4 
S6 (S,E)-5-methylhepta-1,5-dien-4-yl benzoate (3)
A 250 mL flame-dried round-bottom flask equipped with a magnetic stir-bar was affixed with a rubber septum and purged with argon. 4-(Dimethylamino)pyridine (189 mg, 1.5 mmol, 5 mol %) was added and the vessel was again purged with argon. Dichloromethane (60 mL, 0.5 M) was added and the solution was cooled to 0 C in an ice-water bath. Allylic alcohol 2 (3.96 g, 31.4 mmol, 100 mol %) and pyridine (7.6 mL, 94.2 mmol, 300 mol %) were added sequentially via syringe. Benzoyl chloride (5.48 mL, 47.2 mmol, 150 mol %) was added dropwise over 2 minutes and the solution was allowed to warm to room temperature overnight. The reaction was quenched with H 2 O (50 mL) and poured into a 250 mL separatory funnel. The aqueous layer was extracted with dichloromethane (3X, 50 mL) and the combined organic fractions were washed with brine (50 mL), dried (Na 2 SO 4 ) and concentrated in vacuo.
The residue was subjected to flash column chromatography (hexanes / ethyl acetate, 30:1  20:1  15:1  10:1) providing the title compound 3 (6.89 g, 29.9 mmol) as a clear oil in 95 % yield. 165.9, 133.9, 133.4, 132.9, 130.9, 129.7, 128.4, 123.3, 117.6, 79.2, 37.7, 13.2, 11.9 . 
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S9 (S,E)-4-(benzoyloxy)-5-methylhept-5-enal (4)
A 1000 mL round-bottom flask equipped with a magnetic stir-bar was charged with pre-mixed solvent mol %) was added dropwise over two minutes causing the dark brown solution to lighten considerably.
After 8 hours, the reaction was quenched with H 2 O (300 mL) and diluted with diethyl ether (300 mL).
The resulting solution was transferred to a seperatory funnel and extracted with diethyl ether (4X 100 mL). The combined organic fractions were washed with brine (2X, 100 mL), dried (Na 2 SO 4 ) and concentrated in vacuo. The residue was subjected to flash column chromatography (hexanes / ethyl acetate, 30:1  15:1  10:1  8:1  6:1) providing the title compound 4 (1.47 g, 5.98 mmol) in 73 % yield. 4, 165.8, 133.1, 133.1, 130.5, 129.7, 128.5, 123.7, 79.0, 40.2, 25.4, 13.3, 11.8 
TLC (SiO
S11 (S,E)-4-(Benzoyloxy)-5-methylhept-5-enoic acid (5)
A 100 mL round-bottom flask equipped with a magnetic stir bar was charged with aldehyde 4 (1.47 g, 5.98 mmol, 100 mol %), affixed with a rubber septum and placed under argon. 2-Methyl-2-butene (12.7 mL, 120 mmol, 2000 mol %) and t-BuOH (10 mL, 0.6 M) were added sequentially via syringe and the solution was cooled to 0 C in an ice-water bath. NaH 2 PO 4 H 2 O (4.12 g, 29.9 mmol, 500 mol %) and NaClO 2 (2.7 g, 29.9 mmol, 500 mol %) were each dissolved in a minimum of deionized water and added simultaneously to the vigorously stirred solution. After 30 minutes the solution was transferred to a 250 mL separatory funnel and extracted cold with diethyl ether (3X, 50 mL). The combined organic extracts were washed with brine (2X 50 mL), dried (Na 2 SO 4 ) and concentrated in vacuo. 165.8, 133.1, 133.0, 130.5, 129.7, 128.5, 123.6, 78.9, 30.4, 27.8, 13.3, 11.8 
S13
(S,E)-7-methoxy-3-methyl-7-oxohept-2-en-4-yl benzoate (S1)
A 50 mL round-bottom flask equipped with a magnetic stir-bar was charged with acid 5 (1.23 g, 4.70 mmol, 100 mol %), diethyl ether (15.7 mL, 0.3M), MeOH (7.8 mL, 0.6 M) and the solution was cooled to 0 C in an ice-water bath. (Trimethylsilyl) 165.78, 133.13, 133.03, 130.56, 129.70, 128.47, 123.44, 79.02, 51.79, 30.45, 28.09, 13.25, 11.76 
Methyl (R,E)-4-(dimethyl(phenyl)silyl)-5-methylhept-5-enoate (6)
A flame-dried 200 mL round-bottom flask equipped with a magnetic stir bar was affixed with a rubber septum and purged with argon. CuI (91.4 mg, 0.48 mmol, 10 mol %) was added and the flask was again purged argon. Freshly distilled THF (4.8 mL, 1 M) was added and the mixture was cooled to -78 C (CO 2 / acetone). A freshly prepared solution of Zn(DMPS) 2 (65.3 mL (0.147 M, THF), 9.6 mmol, 200 mol %) was added dropwise over five minutes. After the addition was complete the flask was transferred to an ice-bath and allowed to stir for 20 minutes, whereupon the turbid brown solution became dark maroon. The flask was cooled to -78 C (CO 2 / acetone) and allyl benzoate S1 was added dropwise (1.33 g, 4.8 mmol, 100 mol %) as a solution in THF (1 M). After three hours, the remaining dry-ice was removed from the dewar and the bath allowed to warm to -40 C over the course of one hour. The flask was maintained at this temperature for an additional two hours. Hz, 1H), 1.56 (dd, J = 6.7, 1.0 Hz, 3H), 1.42, (bq, J = 1.1 Hz, 3H), 0.30 (s, 3H), 0.24 (s, 3H). 13 C NMR (101 MHz, CDCl 3 ): δ [ppm] = 174. 6, 138.5, 134.7, 134.0, 129.0, 127.7, 118.8, 51.5, 38.6, 33.8, 23.6, 16.5, 13.6, -3.5, -4.4 
S19
Synthesis of Compound 12 (R)-3-hydroxy-2-methylpropyl benzoate (8)
A 1 L round-bottom flask was charged with 4 Å powdered molecular sieves (6.66 g). The sieves were heated under vacuum using a propane torch for 15 min. The cool flask was back filled with argon and equipped with a stir bar and an argon balloon. The vessel was cooled to -78 °C and the following four solutions were added in sequence: (S)-2-((1-methylpyrrolidin-2-yl)methyl)isoindole (240 mg, 1.11 mmol, 0.5 mol%) in CH 2 Cl 2 (20 mL), diisopropylethylamine (51.6 g, 400 mmol, 180 mol%) in CH 2 Cl 2 (150 mL), 2-methyl-1,3-propandiol (7) (20.0 g, 222 mmol) in CH 2 Cl 2 (150 mL) and benzoyl chloride (56.2 g, 400 mmol, 180 mol%) in CH 2 Cl 2 (150 mL). The reaction was stirred at -78 °C for 3 h, at which point pH 7-buffer (250 mL) was added and the solution was allowed to warm to room temperature. The aqueous layer was extracted with CH 2 Cl 2 (3 × 70 mL). The combined organic layer was washed with brine (200 mL), dried (Na 2 SO 4 ) and filtered. The filtrate was concentrated in vacuo and the residue was subjected to flash chromatography (SiO 2 , hexanes/EtOAc 10:1 to 1:1) to provided the title compound 8 (11.1 g, 57.2 mmol, 90% ee) as a colorless solid in 26% yield. 
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S22 (S)-2-methyl-3-oxopropyl benzoate (9)
A oven-dried 250 mL round-bottom flask was charged with (R)-3-hydroxy-2-methylpropyl benzoate (8) (3.05 g, 15.7 mmol) and NaHCO 3 (6.60 g, 78.5 mmol, 500 mol%), sealed with a rubber septum and purged with argon. CH 2 Cl 2 (120 mL) was added and the flask was cooled to 0 °C. Dess-Martin periodinane (7.99 g, 18.8 mmol, 120 mol%) was added to the suspension in one portion. The reaction was allowed to warm to room temperature. Upon complete consumption of the starting material by TLC (typically 3-4 h), saturated NaHCO 3 aq. (40 mL) and a saturated Na 2 S 2 O 3 aq. (40 mL) were added at 0 °C. The reaction mixture was stirred rapidly for 10 min and diluted with Et 2 O (200 mL). The organic layer was washed with saturated Na 2 S 2 O 3 aq. (2 × 50 mL), saturated NaHCO 3 aq. (2 × 50 mL) and brine (50 mL). The organic layer was dried (Na 2 SO 4 ) and filtered. The filtrate was concentrated in vacuo and the residue was subjected to "short" flash chromatography (SiO 2 , hexanes/EtOAc 15:1 to 3:1) to provide the title compound 9 (2.20 g, 11.4 mmol) as a colorless oil in 73% yield. 166.5, 133.4, 129.8, 129.8, 128.6, 64.2, 46.1, 10.8 (2S,3S,4Z)-3-hydroxy-2-methylhepta-4,6-dien-1-yl benzoate (10) An oven dry reaction vessel equipped with a magnetic stir bar and a rubber septum was purged with argon. And charged with flame dried Na 2 SO 4 (116 mg, 800 µmol, 200 mol%), pentafluorobenzoic acid tetrakis [bis(3,5-trifluoromethyl) phenyl]borate (Rh(cod) 2 BAr f ) (23.7 mg, 20.0 µmol, 5 mol%). Toluene (2.4 mL) was added via syringe. The mixture was stirred for 30 minutes at room temperature.
TLC (SiO
Compound 9 (76.9 mg, 400 µmol, 100 mol%) was added as a solution in toluene (1.6 mL). The vessel was placed into a high-pressure reactor and the apparatus was charged with acetylene (2 atm) and hydrogen (2 atm) to a total pressure of 4 atm. The reaction mixture was stirred for 39 hours at room 8, 133.1, 131.9, 131.7, 131.5, 129.7, 129.7, 128.6, 119.9, 68.8, 66.9, 39.3, 12. (2S, 3S, 4Z)-2-Methyl-3-(((triisopropylsilyl)oxy)methoxy)hepta-4,6-dien-1-yl benzoate (11) To a 25 mL round-bottom flask equipped with a rubber septum and purged with Ar was added compound 10 (471 mg, 1.91 mmol) as a solution in CH 2 Cl 2 (5.5 mL). The flask was cooled to 0 °C. Di(isopropyl)ethylamine (1.33 mL, 7.65 mmol, 400 mol%) and (chloromethoxy)triisopropylsilane (850 mg, 3.83 mmol, 200 mol%) were added via syringe. After 5 min tetrabutylammonium iodide (705 mg, 1.91 mmol, 100 mol%) was added in one portion. The reaction was allowed to warm to room temperature over 17 h, at which point saturated NH 4 Cl aq. (10 mL), water (5 mL) and CH 2 Cl 2 (20 mL) were added. The mixture was extracted with CH 2 Cl 2 (3 × 30 mL) and the combined organic extracts were washed with brine (15 mL), dried (Na 2 SO 4 ) and filtered. The filtrate was concentrated in vacuo and the residue was subjected to flash chromatography (SiO 2 , hexanes/EtOAc 100:1 to 4:1) to furnish the title compound 11 (488 mg, 1.13 mmol) as a colorless oil in 59% yield. 7, 133.5, 132.9, 131.9, 130.6, 130.1, 129.7, 128.4, 119.5, 86.8, 71.7, 67.0, 38.3, 18.0, 13.0, 12 (2S, 3S, 4Z)-2-Methyl-3-(((triisopropylsilyl)oxy)methoxy)hepta-4,6-dien-1-ol (S2) To an oven-dried 50 mL round bottom flask equipped with a rubber septum and purged with argon was added compound 11 (488 mg, 1.13 mmol) as a solution in CH 2 Cl 2 (5 mL). The reaction mixture was cooled to -78 °C and a solution of diisobutylaluminum hydride (3.4 mL, 1 M in hexanes, 3.38 mmol, 300 mol%) was added dropwise. The solution was stirred at -78 °C for 10 min, at which point a saturated solution of Rochelle's salt aq. (10 mL) was added and the reaction mixture was allowed to warm to room temperature under rapid stirring. The reaction mixture was diluted with water (10 mL) and CH 2 Cl 2 (20 mL). The aqueous layer was extracted with CH 2 Cl 2 (3 × 20 mL). The combined organic extracts were washed with brine (30 mL), dried (Na 2 SO 4 ) and filtered. THe filtrate was concentrated in vacuo and the residue was subjected to flash chromatography (SiO 2 , hexanes/EtOAc 50:1 to 4:1) to provide the title compound S2 (309 mg, 939 µmol) as a colorless oil in 83% yield. (2S, 3S, Z)-2-methyl-3-(((triisopropylsilyl)oxy)methoxy)hepta-4,6-dienal (12) An oven-dried 25 mL round-bottom flask was charged with compound S2 (320 mg, 0.974 mmol, 100 mol %) and NaHCO 3 (409 mg, 4.870 mmol, 500 mol %). The flask was purged with argon and the contents and freshly distilled dichloromethane (10 mL, 0.1 M) was added. The stirred heterogeneous mixture was cooled to 0 ºC in an ice-water bath. DMP (826 mg, 1.950 mmol, 200 mol %) was added as a single portion and the flask was again purged with argon. After 2 hours at 0 ºC, saturated NaHCO 3 aq.
(8 mL) and saturated Na 2 S 2 O 3 aq. (8 mL) were added sequentially. After ten minutes the mixture was transferred to a separatory funnel containing diethyl ether (25 mL). The organic layer was washed with saturated Na 2 S 2 O 3 aq. (2X 10 mL), saturated NaHCO 3 aq. (2X 10 mL), and brine (10 mL). The organic layer was dried (Na 2 SO 4 ) and filtered. The filtrate was concentrated in vacuo and the residue was 6, 152.0, 137.7, 134.0, 132.3, 132.2, 130.7, 129.2, 127.8, 119.2, 107.5, 87.5, 73.0, 70.1, 51.5, 42.7, 41.2, 35.7, 33.0, 24.6, 18.0, 17.8, 12.4, 12.1, 11.1, 9.8, -4.8, -5 
Methyl (4E,6R,7S,8S,9S,10Z)-7-hydroxy-5,6,8-trimethyl-9-(((triisopropylsilyl)oxy) methoxy)trideca-4,10,12-trienoate (Fragment A)
A flame-dried 40 mL screw-top reaction tube equipped with a magnetic stir-bar was affixed with a rubber septum and purged with argon. The flask was charged with aldehyde 12 (345 mg, 1.05 mmol, 100 mol %), allyl silane 6 (459 mg, 1.58 mmol, 150 mol %), and freshly distilled CH 2 Cl 2 (10 mL, 0.1 M) and purged with argon. After transfer to a Cryo-Cool cooling bath set to -78 C, EtAlCl 2 (1.46 mL (1.8 M, toluene), 2.63 mmol, 250 mol %) was added dropwise down the side of the reaction tube over 2 minutes. The reaction tube was shaken gently until both layers had homogenized. After stirring for 6
hours, ethyl acetate (5 mL), saturated NH 4 Cl aq. (5 mL), and Rochelle's salt (2 mL) were added and the reaction mixture was allowed to warm to room temperature. The biphasic reaction mixture was transferred to a separatory funnel and extracted with CH 2 Cl 2 (3X 10 mL). The combined organic extracts were washed with saturated NaHCO 3 aq. (15 mL), brine (15 mL), dried (Na 2 SO 4 ) and filtered.
The filtrate was concentrated in vacuo and the residue was subjected to flash column chromatography 9, 140.1, 132.1, 132.0, 130.6, 123.6, 119.4, 87.0, 72.0, 51.7, 46.1, 39.8, 34.2, 23.5, 18.0, 18.0, 17.9, 14.8, 13.6, 12.4, 12.1, 11.7 
Furan Ring Opening
An oven-dried 10 mL screw-cap reaction tube equipped with a magnetic stir-bar was affixed with a rubber septum and purged with argon. The flask was charged with compound 13 (10 mg, 16.2 µmol, 100 mol %) and freshly distilled CH 2 Cl 2 (0.625 mL, 0.025 M) was added. After transfer to a dry ice / acetone bath at -78 ºC, the rapidly stirring solution was treated with a freshly prepared solution of SnCl 4 (18.6 uL, 1.0 M, CH 2 Cl 2 ). The reaction was allowed to stir for 3 hours. 
S38
Synthesis of Reagents
N-(tert-Butyloxycarbonyl)-L-proline (S3)
A 250 mL round-bottom flask equipped with a magnetic stir bar was charged with L-proline (7.54 g, 65.5 mmol) and saturated NaHCO 3 aq. (85 mL). The flask was sealed with a rubber septum and cooled to 0 °C. A solution of di-tert-butyl dicarbonate (15.7 g, 72.0 mmol, 110 mol%) in THF (35 mL) was injected dropwise over 25 min. The solution was allowed to warm to room temperature over 17 h. The THF was removed in vacuo and the remaining aqueous solution was acidified to pH 2-3 using HCl (3 N, ca. 50 mL). The aqueous layer was extracted with EtOAc (5 × 90 mL). The combined organic extracts were dried (MgSO 4 ) and filtered. The filtrate was concentrated in vacuo and the resulting solid was dried under vacuum to furnish the title compound S3 (13.7 g, 63.8 mmol) as colorless solid in 97%
yield. 178.8, 175.9, 155.9, 153.9, 81.0, 80.3, 58.9, 46.8, 46.3, 30.8, 28.9, 28.3, 28.2, 24.2, 23.6 
tert-Butyl (S)-2-(isoindoline-2-carbonyl)pyrrolidine-1-carboxylate (S4)
A 500 mL round-bottom flask was charged with a magnetic stir bar, N-Boc-L-proline (4.00 g, 33.6 mmol) and N-methylmorpholine (7.40 mL, 67.1 mmol, 200 mol%). The flask was sealed with a rubber septum, purged with argon and equipped with an argon balloon. Anhydrous THF (300 mL) was added and the flask was cooled to -20 °C. iso-Butyl chloroformate (5.20 mL, 40.3 mmol, 120 mol%) was added dropwise and reaction was stirred at -20 °C for 30 min. A solution of isoindoline (8.67 g, 40.3 mmol, 120 mol%) in anhydrous THF (60 mL) was added. The reaction mixture was allowed to warm to room temperature over 16 h. The reaction mixture was diluted with water (100 mL) and extracted with EtOAc (3 × 100 mL). The combined organic extracts were washed with brine (150 mL), dried (Na s SO 4 ) and filtered. The filtrate was concentrated in vacuo and the residue was subjected to flash chromatography (SiO 2 , Hex/EtOAc 3:1 to 0:1) to furnish the title compound S4 (7.01 g, 22.2 mmol) as a beige solid in 66% yield. 9, 171.7, 154.7, 153.9, 136.5, 136.5, 136.3, 136.2, 128.1, 127.8, 127.7, 127.5, 123.2, 123.1, 122.7, 122.7, 79.8, 79.7, 57.9, 57.6, 52.6, 52.5, 52.4, 47.1, 46.8, 30.5, 29.7, 28.7, 28.5, 24.6, 24 The spectral data were identical to those reported. 
TLC (SiO
S40 (S)-2-((1-Methylpyrrolidin-2-yl)methyl)isoindole (S5)
A 1 L round-bottom flask was charged with a magnetic stir bar and LiAlH 4 (3.36 g, 88.6 mmol, 400 mol%). The flask was sealed with a rubber septum, purged with argon and equipped with an argon balloon. The reaction was cooled to 0 °C and anhydrous THF (120 mL) was added. A solution of tertbutyl (S)-2-(isoindoline-2-carbonyl)pyrrolidine-1-carboxylate (S4) (7.01 g, 22.2 mmol) in anhydrous THF (100 mL) was added slowly. A reflux condenser was affixed to the flask and the reaction mixture was heated to reflux for 24 h. The reaction mixture was cooled to 0 °C and water was introduced. The resulting white slurry was filtered through Celite and the cake was washed with a mixture of EtOAc/MeOH (3:1, 3 × 100 mL). The filtrate was washed with brine (100 mL), dried (MgSO 4 ) and filtered. The filtrate was concentrated in vacuo and the residue was subjected to Kügelrohr distillation 3, 126.7, 122.3, 64.9, 61.2, 60.0 57.9, 41.6, 30.7, 22.7 The spectral data were identical to those reported. 
((Ethylthio)methoxy)triisopropylsilane (S6)
An oven-dried 500 mL round-bottom flask equipped with a reflux condenser was charged with paraformaldehyde (6.46 g, 215 mmol, 105 mol%), sealed with a rubber septum and purged with Ar. The flask was cooled to 0 °C and ethyl mercaptan (12.0 mL, 215 mmol, 105 mol%) and NaOH aq. (4 drops, 10 M) were added. The suspension was stirred at 0 °C for 1 h. The reaction mixture was heated to 40 °C and allowed to stir for 2 h. The reaction mixture was allowed to cool to room temperature and CH 2 Cl 2 (120 mL), imidazole (29.3 g, 430 mmol, 210 mol%), triisopropylsilyl chloride (39.4 g, 204 mmol) and CH 2 Cl 2 (80 mL) were added. The reaction mixture was stirred at room temperature for 24 h, at which point NaH 2 PO 4 (200 mL, 10% w/w) and hexanes (400 mL) were added. The reaction mixture was transferred to a separatory funnel and the organic layer was collected, dried (Na 2 SO 4 ) and filtered. 
S42
(Chloromethoxy)triisopropylsilane (S7)
An oven-dried 250 mL round-bottom flask was charged with ((ethylthio)methoxy)triisopropylsilane (36.8 g, 148 mmol), sealed with a rubber septum and purged with Ar. CH 2 Cl 2 (100 mL) was added and the flask was cooled to 0 °C. SO 2 Cl 2 (12.0 mL, 148 mmol, 100 mol%) was added dropwise over 5 min.
The reaction mixture was stirred at 0 °C for 10 min and at room temperature for 2 h. The reaction mixture was concentrated in vacuo and the residue was distilled (40 °C at 0.01 Torr) to furnish the title compound (24.9 g, 112 mmol) as colorless liquid in 76% yield. 
